Abstract Marine coast modification and human pressure affects many species, including sea turtles. In order to study nine anthropogenic impacts that might affect nesting selection of females, incubation and hatching survival of loggerhead (Caretta caretta) and green turtle (Chelonia mydas), building structures were identified along a 5.2 km beach in Kanzul (Mexico). A high number of hotels and houses (88; 818 rooms), with an average density of 16.6 buildings per kilometer were found. These buildings form a barrier which prevents reaching the beach from inland, resulting in habitat fragmentation. Main pressures were detected during nesting selection (14.19% of turtle nesting attempts interrupted), and low impact were found during incubation (0.77%) and hatching (4.7%). There were three impacts defined as high: beach furniture that blocks out the movement of hatchlings or females, direct pressure by tourists, and artificial beachfront lighting that can potentially mislead hatchlings or females. High impacted areas showed lowest values in nesting selection and hatching success. Based on our results, we suggest management strategies to need to be implemented to reduce human pressure and to avoid nesting habitat loss of loggerhead and green turtle in Kanzul, Mexico.
Introduction
During the last two centuries, human activity has resulted in habitat loss, overfishing, introduction of invasive species, and contamination of natural habitats. All these actions have caused a massive biodiversity decline (Scherer-Lorenzen and Coomes 2014; Arellano-Peralta and Medrano-Gonzalez 2015; Costello 2015) . Sea turtle species are facing numerous conservation challenges worldwide (Jackson et al. 2001; Chaloupka and Limpus 2005; Hamann et al. 2010) . Nesting habitats are severely threatened by global climate change and by anthropogenic effects (Schlacher et al. 2007 ), such as, egg harvesting (Kamezaki and Matsui 1997) , egg predation by domestic animals (Chaloupka 2003) , turtle hunting (Gardner and Nichols 2001) , habitat degradation by coastal building development (Kamezaki et al. 2003) , direct tourist pressure (Frazier 2000) and marine captures in coastal and pelagic fisheries (Poiner and Harris 1996; Julian and Beeson 1998; Chaloupka et al. 2004; Peckham et al. 2007 ). Interactions of these threats are causing a dramatic worldwide reduction of sea turtle populations (Wyneken et al. 1988; Scherer-Lorenzen and Coomes 2014) .
Mexico coasts host a high number of species and diversity (Bolongaro et al. 2010) . These coasts are also suitable for reproduction, shelter and breeding of many marine species (Bolongaro et al. 2010; Arellano-Peralta and MedranoGonzalez 2015) . Six of the seven species of sea turtles in the world can be found in Mexico coasts (UICN 2014) : the green turtle (Chelonia mydas), the loggerhead (Caretta caretta), the olive ridley sea turtle (Lepidochelys olivacea), Kemp's ridley Electronic supplementary material The online version of this article (doi:10.1007/s11852-016-0473-5) contains supplementary material, which is available to authorized users.
* Ernesto Pérez-Collazos ernextop@unizar.es sea turtle (Lepidochelys kempii), the hawksbill sea turtle (Eretmochelys imbricata) and the leatherback (Dermochelys coriacea). Nevertheless, over the last 40 years, several touristic infrastructures have been built in several coastal regions, especially in the Caribbean North East Mexico. Although this growth has contributed to the economic development of the country, particularly in Cancún and the Riviera Maya areas, there have been significant impacts that have resulted from this growth, including loss of important natural habitats and an increasing tourism pressure that affects many coastal species, especially those that nest in beaches (Arellano-Peralta and Medrano-Gonzalez 2015) . Among these threats, is light pollution which is an important anthropogenic pressure that can reduce the reproductive success of sea turtles (Verheijen 1985; Witherington et al. 1990) , could modify hatchling behavior, and probably also affects female nest site selection (Witherington et al. 1990; Kamrowski et al. 2012) . The implementation of massive tourism and infrastructure (hotels, cabins and beach furniture) might alter sea turtle nesting, causing nesting abandonment as a direct consequence of the proximity of human presence (Witherington and Martin 1996) . Therefore, conservation actions must be conducted to diminish these threats. Several decades ago, egg poaching had claimed nearly 100% of all eggs laid on the Mexico Pacific and Caribbean coasts (Sarti et al. 2007 ). However, today this threat has decreased (< 15%) as a result of the combination of beach patrollers, wildlife refuge conservation policies and educational programs, which changed attitudes of local communities (Chacón-Chaverri and Eckert 2007; Tomillo et al. 2008) . This study documents the nesting habitat degradation by tourism pressure of loggerhead and green turtle in Kanzul Beach, located in the Beco-hotel^area of Tulum, Quintana Roo, in southeastern Mexico, in the Caribbean coast (Fig. 1) . The coast of Quintana Roo is one of the most important nesting sites for the green and loggerhead turtle (Zurita 2009 ) but it is also subject to an increasing human pressure (Guzmán et al. 2008) . Sea turtle populations in this area suffered a great impact before 1990, recovered to some extent after that decade, reaching 1331-2166 nests per year (Zurita et al. 1993) . Nevertheless, recent and quick transformation of coastal ecosystems as result of hotel infrastructure (currently 910 hotels), human settlements, harbor infrastructure and new roads are threatening the stability of these populations, which still successfully reproduce (Encalada et al. 1999; Bowen 2000; Maffucci et al. 2006; Daltabuit et al. 2007 ). According to the database of the conservational group Flora, Fauna, Cultura de Mexico, the number of non-nesting emergences on Kanzul beach varies from a minimum of 93 (2009) to maximum of 237 (2010) for C. mydas (average of 166.1 in the last 10 years), and from 16 (2004) to 49 (2010) for C. caretta (average of 31.9 in the last 10 years). It is uncertain if these non-nesting emergences were caused by anthropogenic direct factors, or if they were caused by false crawl, which has been reported for both species depending on turtle biology or physical conditions of sand and beach (Azanza-Ricardo et al. 2015) . In any case, Kanzul beach is suffering from increasing human pressure, and therefore, detailed studies must be conducted to identify the magnitude of the threats so that conservational management programs can be designed.
Materials and methods

Area of study
The study was conducted in Kanzul camp (20°9′38.67″N, 87°27′2.45^O) in a 5.2 km length beach (Fig. 1) . Kanzul is one of the most important loggerhead turtle nesting beach in the western Atlantic (Cliffton et al. 1981; Zurita et al. 1993) , with an average nesting number of 276 per year (1379 nest: 2010 FFCM 2010 FFCM , 2011 FFCM , 2012 FFCM , 2013 FFCM , 2014 . It is also a relevant green turtle nesting area, with an average nesting number of 1205 per year (6027 nest: 2010 FFCM 2010 FFCM , 2011 FFCM , 2012 FFCM , 2013 FFCM , 2014 . In addition, the Quintana Roo loggerhead populations have shown high genetic diversity compared with other Atlantic populations (Encalada et al. 1999) . Therefore, Kanzul beach is protected by the Mexican General Law of Ecological Equilibrium and Environmental Protection (DOF 2000) , and the Mexican General Wildlife Law (DOF 2013 (DOF , 2014 .
Methods
The nesting selection of loggerhead and green turtle was studied in 11 zones of 500 m each (except the first and last zones with lengths of 250 m and 200 m, respectively). These zones were differentiated by markers flags during the study. One row of houses and buildings separate the inner road from the beach. Field work started with the nesting season in May 2014 until the end of the season (October 2014). Nest number of each species was recorded, and the non-nesting emergences when were detected. Data was collected by the authors with help of volunteers who participated in the 2014 turtle conservation season of the Flora, Fauna and Culture of Mexico ONG. Day and night patrols were performed every day, and number of volunteers varied according to the months (2-7 people). Nesting selection and impact of nine anthropogenic threats was conducted according to Fig. 2 .
The results of this study show three threats as high impact level; artificial beachfront lighting that potentially can mislead hatchlings or females (AL), beach furniture that block the movement of hatchlings or females (BF), and direct pressure by tourist presence (PT). For these three threats, a range with five categories (extreme, high, moderate, low and not harmful) was created. This range allowed us to detect the highest total impact in each area to implement priority actions. A value from 0 to 4 was determined, where 0 is harmless and 4 is extremely harmful at each category. For the determination of the amount of AL we considered the parameters of Table 1 . This classification is based on physiological studies of: spectral sensitivity (Granda and O'shea 1972), light offspring orientation (Witherington 1992) , and light sources and intensities (Witherington and Bjorndal 1991; Ferreira et al. 1992) . No references were found for the estimation of the BF magnitude. Therefore, we designed a classification in order to establish five threat categories (Table 1 ). Magnitude of disturbance by PT was measured according to the ranges of Table 1 . Even though the number of rooms in private houses is not known, occupancy is occasional and very uncommon; therefore, these buildings were not taken into account as a factor of pressure and thus were coded as 0 rooms.
Nests were recorded after hatchings leave the nest, broken and no broken eggs were counted in order to detect hatching success, using the Miller (1999) A f Cohen variable association test (Solanas et al. 2004 ) was used to analyze the possible association of i) Nesting selection and ii) Hatching success with threatened zones. For other possible interactions between variables, parametric and non-parametric correlation tests were used after assessing the normality of the data (Shapiro-Wilk test) using the PAST software (Hammer et al. 2001) .
Results
In this study 88 buildings and 818 rooms were found. These buildings included private houses and small hotels (Table S1 ). High number of buildings were found in zones 5 and 6 (13 and 12 buildings, respectively), and a high number of rooms were detected in zones 8, 9 and 3. In zones 11 and 1, only one building in each zone was found. Zone 1 had the lowest number of rooms, with a total of eight (Table S1 ). Despite the presence of these buildings, 1425 nests (369 loggerhead and 1056 green turtle nests) were detected. Nevertheless, 309 turtles emerged and abandoned nesting (61 loggerheads and 248 green turtles). These non-nesting emergences were, in many cases, with direct pressure of tourist, but we also reported cases of non-nesting emergences in areas with low anthropogenic pressures without human presence.
Our results showed that 14.19% of all nesting attempts suffered some anthropogenic threats during the nesting period, of which 41.06% were caused by BF. 34.15% of nesting withdraw were occasioned by PT. In contrast, anthropogenic threats detected during incubation period account to only 0.77% and during hatching to 4.7%, of which, 94.03% was due to AL.
Among all of the anthropogenic factors studied, three impacts were identified as high: PT, AL, and BF (Table 2 ). The magnitude of these three highest threats (AL, BF, PT) in high and low season are shown in Table S1 .
Nesting preference areas were detected; loggerhead had preference for zones 4, 6 and 9 and zones 3, 6 and 9 in high and low seasons, respectively (Fig. 3) . Zones 8, 4 and 1 showed the lowest nesting number in both seasons. Green turtle showed preference for zones 1, 2 and 4, and less preference for zone 8 and 11 in both high and low seasons (Fig. 3) . A high correlation of green turtle nesting selection in high and low seasons was detected (Spearman, r = 0.86; p < 0.005), but no correlation of both seasons in loggerhead (Spearman, r = 0.06: p > 0.05) was found. It was also found that loggerhead prefers less impacted areas for nesting in low season (f = 0.71). Nevertheless, we did not find that association in high season. Green turtle has selected less impacted area for nesting in both seasons, but statistical association between variables was relatively low (f = 0.49 High Season and f = 0.33 Low Season).
Hatching success was higher in zone 1 and 6 for loggerhead and green turtle, respectively (Fig. 4) . Lowest values of hatching success were detected in zone 8 for both species. An association between loggerhead hatching success and total impact was found (f = 0.66 High Season; f = 0.71 Low Season). Green turtle hatching success was lower in high impacted areas, nevertheless statistical association between variables was relatively low (f = 0.33 High Season and f = 0.48 Low Season).
Discussion
A high number of buildings (88) and rooms (818) were found in the studied area, indicating an average density of 16.6 buildings per kilometer. This shows a great impact on the beach line, which impedes reaching the beach line from inland, and therefore blocks the natural connection of animals between the forest and the beach, resulting in habitat fragmentation. The estimated Kanzul building density is higher than other Mexican touristic areas such as Cancún (8.2 hotels/Km), or other massive impacted areas in the world such as Sal island in Cape Verde (4.3 hotels/Km), and Varadero in Cuba (2.5 hotels/Km) (Artiles-Viera 2013). Nevertheless, Kanzul room Buildings and room density in our study area are not equally distributed along the beach. Zones 5 and 6 accounted for 13 and 12 buildings, respectively, but zones 8, 9 and 3 have larger capacity hotels and therefore present higher numbers of rooms, which result in greater anthropogenic impact in those zones. As expected, the highest room density, and therefore high impacted areas, are located in zones 8, 9 and 3 (126, 116 and 85 rooms/per zone, respectively), which account for 40% of total occupancy of the area in high season. These elevated densities do not match completely with the idea of ecotourism, defined as an Beconomic activity result of traveling to a high quality natural conserved area, maintained undisturbed by human activity and uncontaminated, which sustains the wellbeing of the local people, and involves interpretation and education^ (Jacobson and Robles 1992) . Nonetheless, the importance of tourism for the Tulum local development is indisputable; therefore, conservation goal of areas with elevated presence of tourists depends strictly on the appropriated management. Accordingly, we suggest some strategies to be carried out in the Kanzul beach across this paper.
Despite the high number (1425) of nests detected, a significant number of turtles (61 loggerheads and 248 green turtles) did not spawn. These non-nesting emergences might be consequence of a false crawl, defined by Miller (1997) as the cases of turtles that emerge from the water but do not deposit a clutch, as a result of combination of several factors that includes turtle biology characteristics, nest density, or weather conditions (Miller 1997; Azanza-Ricardo et al. 2015) . Nevertheless, taking into account that i) the fidelity of marine turtles to the first Ferrer et al. 2007 ) and that ii) several cases of non-nesting emergences in Kanzul occurred with tourist near the females or the nests, we would suggest that the majority of the 309 non-nesting emergence cases reported in the 2014 season, could be a consequence of anthropogenic pressures (high tourist density in the beach and/or noisy anthropogenic activity). But not all cases may have been caused by human impact; some non-nesting emergences occurred in absence of human presence (false crawl). This might be related to physiological events such as egg shell production, or it might be linked to sand/beach characteristics such as moisture (Miller 1997) .
Detailed field work and monitoring must be conducted to determine the exact proportion of false crawl and nest abandonment as a consequence of human activity. Threats were more intensive in nesting selection period (14.19%) and hatching (4.7%) than in incubation period (0.77%), in accordance with the higher vulnerability of these periods reported in other studies (Witherington 1992; Witherington and Martin 1996) . PT and AL were detected as main threats during nesting selection and hatching. Nevertheless, nesting success rate in Kanzul (78.31%) was similar to other important protected areas such as Tortuguero (Costa Rica) (80.4%; Atkinson et al. 2011) . Those values were higher to other important areas such as Dalaman-Sarigerme (Turkey), Göksu delta (Turkey) and Boa Vista (Cape Verde) with nesting success rates of 24.6%, 22.9% and 33.0%, respectively (Kaska et al. 2010; Durmuş et al. 2011; Sousa et al. 2012) .
Nine anthropogenic factors were studied and reported as major threats to marine turtle species (Witherington and Martin 1996; Witherington 2000; Ceballos-Fonseca 2004; Chacón-Chaverri et al. 2008; Atkinson et al. 2011; González-Prieto and Harrison 2012) . Our results in Kanzul showed that three of the nine factors were classified in the category of high impact: nesting disturbed by the presence of tourists (PT), artificial beachfront lighting that potentially can mislead hatchlings or females (AL) and presence of beach furniture that block the movement of hatchlings or females (BF). BF was detected only at the stage of nesting and showed the highest impact (41.06%), agreeing with the study of Witherington (2000) which identifies waste (glass, metals, plastics and styrofoam), beach equipment and other obstacles that entangle or impede the passage of nesting turtles and their offspring as major threats. Although Kanzul Beach is regulated by law (DOF 2013) , and that all furniture must be removed every afternoon, some hotels do not follow these directions. Therefore, we recommend three strategies: i) Remind to all hotels the importance to remove furniture from the beach; ii) Create an eco-touristic certificate denominated BFriendly Marine Turtle Hotel^, which will certify the good conservational practices of hotels; and iii) Increase vigilance from the police department.
On the other hand, PT was responsible for the 34.15% of the abandoned nesting in our study area. This agrees with the idea that sea turtles are mainly disturbed by the presence of people during nesting (Carr and Giovannoli 1957; Carr and Ogren 1959; Witherington and Martin 1996) . Witherington and Martin (1996) found that the presence of people moving within the turtle vision area may cause nesting abandonment. Similar results were reported by other authors (Carr and Giovannoli 1957; Carr and Ogren 1959) . Tourism is very important for the economy of the area, therefore, two strategies are recommended: i) Hotels must perform a short explanation to every guest to avoid direct pressure during nesting and emphasize the prohibition by Mexican law to touch, light, speak loud or get close to any marine turtle; and ii) Create a BBeach Turtle Guide^; a person that can provide advice to tourists on how to behave on the beach during nesting and hatching periods, and guide tourists in a proper manner to observe nesting, adults and offspring. This work must be performed especially in hotels that represent higher impact, especially in zones 8 and 4, which showed the strongest pressure (Table S1 ). This idea has been developed in other important marine turtle nesting areas such as Costa Rica's Tortuguero National Park, where it has helped to mitigate negative tourism impacts and provided local economic benefits (Jacobson and Robles 1992) . In conclusion, the BFriendly Marine Turtle Hotel^certificate will incentive hotel managements to implement policies and procedures that will promote the education and appropriate behavior of tourists, including participation in the BBeach Turtle Guide^program and helping remove furniture from the beach every day.
Although relatively low pressure is detected during hatching (4.7%), 94.03% of this figure is due to AL. Similar results were obtained by other authors, where neonates moved toward bright artificial lights (Mrosovsky and Shettleworth 1968; Kamrowski et al. 2014) . Therefore, artificial lighting intensity can disorient hatchlings away from the sea and leave them vulnerable to dehydration, exhaustion and depredation (Witherington and Martin 1996; Kamrowski et al. 2014) . As a result, bright artificial lighting visible from the nesting beach can cause high mortality in the offspring (Mazor et al. 2013; Davies et al. 2014) . Law DOF 2013 sets that the luminous flux must be directed down and away from the beach, and the following should be used: i) Screens or turn signals, ii) Low voltage spotlights (40 W), iii) Sources of light yellow or red. However, we realize that these laws are not achieved on Kanzul beach; therefore, we recommend the implementation of public and private installations and higher control by the authorities.
Finally, our study detected that nesting selection is affected by human pressures; zone 8 was classified as very harmful and in concordance is the least preferred area for loggerhead and Green turtle ( Fig. 3 ; Table S1 ). We also found an association of nesting selection with low impacted areas in low season for C. caretta (f = 0.71), which indicates that loggerhead prefer to nest in areas of less human pressure. Nonetheless, that correlation was relatively low in both seasons for C. mydas (f = 0.49 High Season and f = 0.33 Low Season), although this species has selected the less impacted area for nesting in both seasons. Several studies have detected that hatching success is higher in natural beaches than in human impacted beaches (Pike 2008; Kaska et al. 2010; Bevan et al. 2014) . Accordingly, areas with higher impact produce lower values of hatching success. We have obtained the lower percentage of success in zone 8 for both species (Fig. 4) , and found an association between hatching success of C. caretta and low impact (f = 0.66 High Season; f = 0.71 Low Season), corroborating this idea. This pattern was corroborated with green turtle, where hatching success was lower in high impacted areas, nevertheless statistical association between variables was relatively low (f = 0.33 High Season and f = 0.48 Low Season).
In conclusion, our results show that anthropogenic threats caused by tourism and urban development are producing nesting habitat loss, endangering not only the two studied species but all marine turtles of the area. Nevertheless, quick remediation may achieve the protection of critical stages of these two marine turtle species and the development of a proper eco-touristic area. Evaluation of these threats is essential to prioritize management actions to preserve these species.
